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INTRODUCTION

1
Aging infrastructure, the need to increase capacity, and the desire to improve safety are 2 all reasons why work zones are necessary on our roads today. Work zones often violate 3 the expectancy of motorists by introducing new driving patterns (including merging lanes 4 or median weaves), which make drivers feel work zones are more hazardous than other 5 roads (1). Between 2006 and 2010, the trend of crash fatalities per year has been 6 downward, as shown in TABLE 1 (2) . On the contrary, the percentage of work zone 7 fatalities compared to all roadway fatalities in Wisconsin has been slightly increasing per 8 year. To reverse this upward trend and improve work zone safety, the Strategic Highway 9
Safety Plan recommends implementing countermeasures such as reducing the duration of 10 work activities, improving traffic control devices, or enhancing driver education and 11 enforcement efforts (3). 12 Table 3 was organized by crash severity to highlight trends including: 18
• The large proportion of Injury A and Injury B head-on crashes when 19 compared to other head-on crash severities 20
• Collisions with fixed objects were the most frequent manner of collision for 21 crash severities Fatality, Injury A, and Injury B among all crash types 22
Further analysis discusses injury severity, which is different from the 23 aforementioned crash severity. Crash severity is the same for all participants in a crash, 24 and represents the most severe outcome of the participants. Injury severity is assigned to 25 each participant based on the injury that was sustained. Both crash severity and injury 1 severity use the KABCO scale. 2
CODES Data Collection 3
The Wisconsin CODES Database maintains complete injury, vehicle, and medical 4 information (for linked injuries) for each crash participant. CODES records are created 5 during a visit to an emergency room, but do not account for medical visits more than 30 6 days after a crash. With the Wisconsin CODES having limited ability to explain non-7 medical costs (such as property damage), the FHWA default value ($10,956 in 2010 8 dollars) was assumed to be representative for PDO costs; further PDO analysis in this 9
paper has been excluded. 10
Data Linkage 11
Each record in the CODES database links to the WisTransPortal crash data by means of a 12 unique crash number identifier, which allows a one-to-many query that enables the two 13 databases to be linked at the participant level. When a valid diagnostic code was present, 14 the data was considered "linked". The proportion of injuries able to be linked by severity 15 is found in 
MAIS & KABCO Injury Scales 27
The MAIS Score, assigned by a medical professional, assigns severity ratings similar to 28 the KABCO scale. However, there often are discrepancies between a police officer's 29 judgment of a participant's injury and a medical practitioner's assessment. Based on the 30 work zone crash data, police officers were rather precise in identifying minor injuries 31
TRB 2013 Annual Meeting
Paper revised from original submittal.
labeled as "C" (90%), but variance increased as injury severity increased, as shown in 1 
5
Over three-fourths (78%) of "B" crash participants actually sustained only minor 6 injuries (MAIS score of 1). About two-thirds (66%) of "A" crash participants sustained 7 only minor or moderate injuries (MAIS 1 and 2). Essentially, this presents a strong 8 argument against using the KABCO scale to assign comprehensive costs, as the presence 9 of numerous minor injuries in incapacitating crashes could bias calculated costs. Previous 10 research has both argued for (35) and against (5) the use of KABCO as a crash-severity 11 indicator, which suggests that additional research is needed regarding the use of the 12 KABCO scale and considering the use of a different scale such as MAIS. 13
With the current emphasis on reducing fatalities and severe injury (K+A) crashes 14 nationwide (not only in work zones), the data in Crash Geometries" that stipulate that a single, default cost be assigned for the differing 28 crash severities of fatal, injury, and property-damage-only, irrespective of the number of 29 participants in the crash (37). Methodology consists of multiplying the average number of 30 participants by the average injury costs for each injury severity (i.e., five levels of 1 KABCO), followed by summing these costs to obtain an overall crash cost for the crash 2 severity, as shown in the following equation: 3
Where: 4
• t: analyzed crash type (i.e. all work-zone crashes, work-zone crashes on county 5 roads); 6
• c: crash severity (Fatal, Injury, Property-Damage-Only); and, 7
• i: injury severity (KABCO scale) 8 Therefore, three steps are needed to determine the overall crash cost for each 9 analyzed crash type and severity: 10 1. Average number of participants for each injury severity per crash 11 2. Average injury severity cost using CODES data 12 3. Average crash cost by crash severity 13
To provide more precise analysis, CODES costs were adjusted for inflation by 14 using data from the United States Department of Labor website. The inflation rates were 15 calibrated by location (Wisconsin) and item (medical costs), and adjusted to reflect 2010 16 values (38). A more detailed explanation of the methodology can be found in previous 17
papers (29, 36, 39) . 18
WORK-ZONE COST ANALYSIS 19
As stated in the methodology, the first step is to find the average number of participants 20 for each injury severity per crash. 
5
The crash type that had the most participants per crash, on average, was rear-end 6 collisions. The high average number of participants could be explained by a large number 7 (1601 crashes) of rear-end collisions involving three or more vehicles. As fixed-object 8 collisions only include a single car, the average number of participants involved was very 9
low as compared to the other crash types. 10
Average Injury Cost using CODES Data 11
The second step involved finding the average injury cost. Analyzing incapacitating, non-12 incapacitating, and possible injury crash participants with sufficient sample sizes gives 13 the following averages, minimums, and maximums of linked CODES injury costs, per 14 crash type are presented in 
All
4
The average injury costs per crash participant in TABLE 6 can be used to: 5
• Find the comprehensive crash cost in conjunction with the results from Step 1; 6
• Show the wide difference between incapacitating costs compared to non-7 incapacitating and possible injury costs; and, 8
• Illustrate the large ranges present for nearly each injury cost. 9
Comprehensive Crash Cost Analysis 1
To find the comprehensive crash costs, the average number of participants per crash is 2 multiplied by the average injury cost per crash participant and severity type to receive the 3 comprehensive crash cost. As mentioned previously, the default value of $10,956 will be 4 used for PDO crash costs computations. For example, the following equation details the 5 computation for incapacitating crashes in work zones. 
11
The most expensive crash type based on the dataset was head-on collisions. 12
However, due to a large per-injury cost for INJ C head-on collisions (based on a sample 13 size of only 15 data points), this data may be skewed, and should be used with caution. FHWA values, and possible injury crashes costs were 0.3% to 50% higher compared to 1 the default values. 2
Weighted overall injury cost for all work zone crashes is about 25% greater than 3 the FHWA cost. Interestingly, the weighted rear-end overall injury cost (based on the 4 number of crashes per severity) was 11% smaller than the inflation-adjusted FHWA cost, 5 due to the large number of minor rear-end collisions. FIGURE 2 also shows that the 6 overall injury costs vary significantly between different crash types. For instance head-on 7 crashes are over three times as expensive as a rear-end crash. Similarly, fixed object 8 crashes are about twice as expensive as a rear-end crash. The wide range of costs in 9 FIGURE 2 suggests that developing scenario-based cost estimates for each crash type 10 would improve future benefit-cost analysis for work zone countermeasure 11 implementation. 12
CONCLUSION
13
The main objective of this research was to quantify the injury outcomes and develop 14 reliable and comprehensive injury costs for work zone crashes in Wisconsin. All crashes 15 that were caused by the presence of a work zone between 2001 and 2010 were identified 16 and used for this analysis. The Wisconsin CODES database provided comprehensive 17 injury costs based on injury types and severities suffered by participants in study crashes.
18
A three-step methodology was used to quantify the crash costs for each severity and 19 manner of collision (rear-end, angle, etc.). 20
Injury severities of crash participants based on the KABCO scale (assigned by 21 law enforcement personnel) were compared to MAIS scores assigned by medical 22 practitioners. Participants in property-damage-only and possible injury crashes were 23 assigned very similar rankings between the two scales. However, for non-incapacitating 24 and incapacitating injuries the disparity between KABCO and MAIS ratings was very 25 significant. Vast majority of crash participants classified as injury A or B sustained only 26 minor or moderate injuries. Therefore, there is a need to reconsider the use of KABCO 27 scale. 28
Average comprehensive crash costs were found to be $542,533 for incapacitating 29 crashes in work zones, $147,536 for non-incapacitating crashes, and $86,943 for possible 30 injury crashes. Fatal crash costs were excluded due to small sample sizes, and property-31 damage-only crashes were assigned the FHWA default PDO crash value of $10,956 (in 32 2010$). Incapacitating, nonincapacitating, and possible injury crashes (with sufficient 33 sample size) were 105%, 35%, and 50% larger than inflation-adjusted FHWA default 34 values, respectively. 35
Weighted overall injury cost for all work zone crashes is about 25% greater than 1 the FHWA cost. Head-on crashes and fixed object crashes were about three and two 2 times as expensive as rear-end crashes respectively. 3
The variance of comprehensive crash costs for each crash type suggests that a 4 "one-size-fits-all" FHWA value for crash cost cannot accurately represent every work 5 zone crash. By using more detailed and crash-specific costs, benefit-cost analyses for 6 implementing safety countermeasures that address particular crash types will be more 7 accurate. 8
FUTURE RESEARCH 9
For future CODES analysis, the investigation of other crash factors should be completed 10 to create even more specific comprehensive costs for work zone crashes. Some factors to 11 study include: 12
• Roadway type (interstate highway, state highway, county highway, local road) 13
• 
